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Description 

The present invention relates to implantable heart* 
assist devices, specif ically heart-assist devices including 
extra-aortic balloon (EAB) pumps for providing assist- s 
ance to an active heart. The present invention is partic- 
ularly, but not exclusively related to EAB pumps used in 
conjunction with an internal fluid pump, such as a fluid 
filled bladder/skeletal muscle pouch type pump such as 
that disclosed by Stephenson et al. (U.S. Patent No. 10 
4,979. 936). 

Heart-assist devices are well known in the art. 
Leachman, Jr. (U.S. Patent Nos. 3,911.897 and 
3.911,898) disclose a heart-assist device including a 
blood pump which is connected serially between a heart is 
ventricle and the vascular system. During normal oper- 
ation, the pump is used to maintain a programmed pres- 
sure at the ventricle discharge during systolic cardiac 
pulsation. A pressure transducer detects the pressure at 
the discharge and controls the pump through a hydrau- 20 
lically powered, closed- loop servomechanism. 

Poirier (U.S. Patent Nos. 4,023.468 and 4,133.616) 
disclose a blood pump stroke volume limiter for use with 
a collapsible wall blood pump system. The nomadic 
pump is adapted primarily as a left ventricle heart-assist 2s 
device and has a flexible bladder within a rigid housing. 
A nomadic driver applies rhythmic pulses between the 
bladder and the housing to repetitively collapse the blad- 
der and establish a pumping action through the bladder. 

- in conjunction with check valves in the inlet and outlet to 30 
the bladder. Robinson et al. (U.S. Patent No. 4.240.409) 

- disclose a circulatory assist device including a valveless 
pump with a flexible bladder. A pneumatic driver similar 
to that disclosed by Poirier in U.S. Patent Nos. 4,023,468 
and 4.133,616, and a flexible conduit for conveying blood 35 
between the patient and the pump. Preferably, in use, the 
pump and driver are mounted to the patient's body. 

Solonina (U.S. Patent No. 4.704,120) discloses a 
one-piece prothesis for biventricular cardiac assistance 
and reanimation which is preferably implanted in the right AO 
hemithorax between the diaphragm and the right lung. 
The prothesis includes a one-piece shell and two blood 
circulating deformable-diaphragm pumps actuated by 
fluid, preferably a compressed gas. 

Kolff (U.S. Patent No. 4,838.889) discloses a ventri- 45 
cle assist device including a housing an atrial chamber, 
an atrial compliance chamber, a ventricle chamber and 
a ventricle pumping chamber. A pumping member within 
the housing separates the ventricle blood chamber from 
the ventricle pumping chamber and is displaced by a so 
drive fluid to expel blood out of the ventricle blood cham- 
ber through an outlet port. 

Wampler (U.S. Patent No. 4,906,229) discloses a 
high-frequency transvalvular blood pump preferably for 
temporary cardiac assist which provides suction to 55 
decompress the ventricle cavity during both systole and 
diastole. The intake end of the pump is preferably con- 
nected to a cannula which is inserted into the ventricle 
cavity through the aortic valve. The pump consists of a 

stiff barrel whose interior volume can be alternately 
reduced and expanded by a flexible membrane prefera- 
bly controlled by pneumatic pressure from an extracor- 
poreal location through a percutaneously inserted 
lumen. 

Jarvik (U.S. Patent No. 4,938,766) disclose a plural- 
ity of representative prosthetic arterial compliance 
chambers (PACCs). In principle, a PACC device is dis- 
closed to be a blood containing chamber that changes 
in volume as a function of a pressure which is applied. 
The devices disclosed include, but are not limited to. a 
generally rigid device such as a cylinder with a spring 
loaded piston, an elastic device such as a stretchable 
balloon, or a resilient deformable device such as a flat- 
tened tube. Jarvik teaches that the device must be con- 
nected to a blood vessel and designed to avoid blood 
damage and thrombosis. 

It will be appreciated that Jarviks concern about 
avoiding blood damages and thrombosis are concerns 
shared by all of those skilled in the art of providing heart- 
assist devices. It will be further appreciated that this is 
presently an area of significant experimentation and that 
damage to the blood and unnatural movement of blood 
fluids through a heart-assist device may result in throm- 
bosis and other life-threatening events. 

Khalafalla (U.S. Patent No. 4,813,952) discloses a 
muscle-powered pump to assist an active heart. The 
device comprises an oblate, spheroidal-shaped pumping 
chamber surrounded by innervated skeletal muscle tis- 
sue and can be coupled to a ventricle and the descend- 
ing aorta with valves stimulated in synchrony with the 
natural depolarization of the heart, or inserted into the 
descending aorta and used as a counterpulsation 
device. Of the configurations for counterpulsation, one 
employs an essentially blind-ended pumping chamber 
which would be likely to present a high risk for causing 
thrombosis, because blood could be expected to stop 
flowing momentarily in the dead space at the end of the 
chamber when the muscle tissue is not contracting. 
Another utilizes skeletal muscle tissue wrapped directly 
around the aorta. This would present problems following 
surgical implementation, because there is very little 
space on the aorta around which to wrap the skeletal 
muscle without disrupting the flow of blood to the spinal 
cord through the numerous vertebral branches of the 
aorta. If it is necessary to ligate any of the vertebral 
branches, a significant risk of subsequent paraplegia is 
created. 

Stephenson et al. (U.S. Patent No. 4,979.936) dis- 
close a heart-assist apparatus including an innervated 
skeletal muscle pouch which surrounds a collapsible, 
shape-retaining bladder. The bladder is interconnected 
to a second bladder enclosed in a sheath around a por- 
tion of the descending aorta. The bladders are filled with 
a fluid such that when the skeletal muscle contracts in 
response to an electrical stimulation, the fluid is forced 
from the first bladder to the bladder sheathed with the 
aorta, expanding that bladder and forcing the aorta to 
compress. Although quite creative, limited access to the 
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aorta due to the numerous vertebral branches still 
presents a problem. It will be appreciated, therefore, that 
there continues to be a need for heart-assist devices 
which can be employed without creating risks for heart- 
assist devices which can be employed without creating 5 
risks for thrombosis, paraplegia or other potentially debil- 
itating or life threatening conditions. 

FR-A-2297608 discloses a balloon pump wherein 
the rollers of the mechanical pump are replaced by pres- 
sure waves of a fluid which propagate along a flexible 10 
tube. 

All of the heart-assist devices disclosed herein- 
above are believed to be devices for which experimen- 
tation is either continuing or under further evaluation. It 
will be appreciated that the complexities of cardiac is 
implantation, vascular thrombosis and vascular fluid 
mechanics continue to have uncertainties which require 
further experimentation and understanding before set- 
tled procedures for providing safe and reliable assist- 
ance to the active heart will be available to medical 20 
practitioners and the public. 

In this context the present invention is directed to 
an extra-aortic balloon pump which improves upon the 
teachings of the prior art disclosed above, and 
addresses further problems associated with heart-assist zs 
devices and other related devices and methods, and 
solves other problems associated therewith. 

According to the invention, there is provided an 
extra-aortic balloon pump for use in cooperation with 
separate fluid pump means, said extra-aortic balloon 30 
pump comprising: (a) a rigid housing including interior 
and exterior surfaces, proximal and distal ends, and a 
longitudinal passageway defined by the interior surface 
and extending through the rigid housing; (b) a flexible, 
generally cylindrical diaphragm having inner and outer 35 
surfaces and residing generally within the longitudinal 
passageway, wherein the inner surface defines a longi- 
tudinal lumen within the longitudinal passageway, the 
lumen extending through said extra-aortic balloon pump; 
and (c) means for securing the diaphragm to the rigid 40 
housing; characterised in that said securing means 
secure the diaphragm to the rigid housing so as to create 
a plurality of separate, substantially parallel expansion 
chambers, wherein each of said plurality of expansion 
chambers is individually defined by one of a plurality of 45 
individual portions of the interior surface of the rigid 
housing in cooperation with one of a plurality of individual 
segments of the outer surface of the diaphragm and said 
securing means, wherein the diaphragm includes a plu- 
rality of balloon portions individually enclosing corre- so 
sponding expansion chambers against the interior 
surface, wherein said extra-aortic balloon pump further 
comprises fluid communication means for separately 
exchanging fluids between each of the plurality of expan- 
sion chambers and said fluid pump means, wherein said 55 
fluid pump means are in communication with each of the 
respective expansion chambers via said fluid communi- 
cation means, wherein the respective expansion cham- 
bers can be expanded when fluid is directed into the 

respective expansion chambers, and wherein fluid flow 
through said lumen is substantially laminar. 

In preferred embodiments, the rigid housing is a 
straight, generally cylindrical housing, the longitudinal 
lumen has a longitudinal axis, and/or the respective 
expansion chambers are generally axisymmetric in 
respect to the longitudinal axis within a transverse, pref- 
erably any transverse, cross-section of the extra-aortic 
balloon pump. Preferably, said fluid communication 
means include a plurality of fluid communication ports, 
wherein each of said plurality of expansion chambers is 
in fluid communication with the fluid plump via one of said 
plurality of fluid communication ports. 

In further preferred embodiments, each of said plu- 
rality of fluid communication ports communicates with 
one of the plurality of expansion chambers at one of a 
plurality of positions along the exterior surface of the rigid 
housing, which are equidistant from each of the respec- 
tive distal and proximal ends and axisymmetrically ori- 
ented about the housing in respect to the longitudinal 
axis. Preferably, each of the plurality of positions along 
the exterior surface is closer to one of the respective 
ends of the housing, wherein the respective expansion 
chambers expand proximate that end prior to expanding 
proximate the other end when fluid passes simultane- 
ously into each of the plurality of expansion chambers 
via the respective fluid communication ports. The plural- 
ity of balloon portions preferably expand simultaneously, 
first, proximate, the end nearest to the plurality of fluid 
communication ports and. second, proximate the other 
end so as to create generally axisymmetric peristaltic 
waves along the inner surface of the flexible diaphragm 
proximate each respective balloon portion in respect to 
the longitudinal axis. In use. this end is the proximal end. 
and the proximal end is grafted into the vascular system 
more proximate the heart than the distal end so that 
Wood generally flows through the EAB pump from the 
proximal end to the distal end. 

TTie preferred EAB pump of the present invention is 
grafted into the descending aorta in parallel therewith. 
Preferably, curved end extension members are provided 
to eliminate the risk of any kinking in the conduits extend- 
ing from the descending aorta to the EAB pump of the 
present invention. The preferred heart-assist device 
includes a innervated skeletal muscle pouch which is 
surgically constructed from a latissimusdorsi muscle flap 
using surgical procedures which are well-known in the 
art. The skeletal muscle pouch is electrically stimulated 
to contract by a pulse train generator which is synchro- 
nized with the beating of the active heart. When the mus- 
cle pouch contracts, it compresses a fluid-filled, shape- 
retaining collapsible bladder which communicates with 
the respective expansion chambers via fluid communi- 
cation conduit means. In response to the compression 
of the fluid-filled bladder, the expansion chambers 
expand, thereby driving blood in preferred EAB pump 
through the longitudinal lumen in the direction of the dis- 
tal end where it exits into the downstream vascular sys- 
tem. 

3 
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The preferred EAB pump of the present invention is 
designed to generate flow patterns which are believed to 
be an improvement over the prior art flow patterns which 
have been shown to be thrombogenic in certain 
instances. It is believed that the generally straight lumen 
of the present EAB pump may eliminate some of the flow 
problems which exist in prior art pumps, and thereby min- 
imize thrombosis problems which have arisen on occa- 
sion when using such prior art pumps. The blood flow 
through the present EAB pump will be essentially lami- 
nar, and all of the inner surfaces of the generally cylin- 
drical diaphragm, which define the longitudinal lumen 
passing through the present pump, will be washed, 
thereby minimizing or preventing stagnation and poten- 
tially thrombogenic conditions within the pump. It is 
believed that, turbulence within the pump will be either 
minimized or eliminated. Therefore, by maintaining gen- 
erally laminar flow through the present EAB pump, and 
minimizing x>r eliminating turbulence therein, thrombo- 
genic conditions can be minimized or eliminated. 

Furthermore, in preferred embodiments, the dia- 
phragm is secured to the rigid housing in a manner which 
prevents any portion of the inner surface of the dia- 
phragm from coming into contact with another portion 
thereof when the respective expansion chambers are 
fully expanded during normal use. In this way, laminar 
flow will continue through the longitudinal lumen even 
when the respective expansion chambers are fully 
expanded. As a result, damage to blood components 

" caused by hemolysis, or other damage from physical 
jmpacts upon surfaces within the pump, will be mini- 
mized or eliminated. This will further minimize the risk of 
creating thrombogenic conditions within the pump and 
the vascular system. Preferably, the pump will provide an 
assist to the heart, driving blood out of the pump following 
cardiac systole. This is accomplished by synchronizing 
the implantable pulse train generator with the electrical 
impulses of the active heart such that the repetitive con- 
traction of the innervated skeletal muscle pouch is repet- 
itively initiated at or immediately prior to the beginning of 
cardiac diastole. Because the expansion chambers are 
oriented axisymmetrically in respect to the longitudinal 
axis of the longitudinal lumen, it is believed that a laminar 
flow pattern will be generated within the center of the lon- 
gitudinal lumen. In the preferred embodiment, having at 
least three axisymmetric expansion chambers, the lam- 
inar blood flow through the longitudinal lumen will pre- 
vent  stagnation  and  eliminate the  likelihood of 
thrombosis which has occurred in many of the prior art 
devices. In preferred embodiments, the heart-assist 
device of the present invention will provide a repetitive 
peristaltic counterpulsation device assisting the active 
heart as needed when employed, but minimizing the risk 
of thrombosis. 

The above-described features and advantages, 
along with various advantages and features of novelty 
are pointed out with particularity in the claims of the 
present application. However, for a better understanding 
of the invention, its advantages, and objects obtained by 

its use, reference should be made to the drawings which 
form a further part of the present application, and to the 
accompanying descriptive material in which there is illus- 
trated and described preferred embodiments of the 

5    present invention, by way of example only. 
In the drawings, in which like and primed reference 

numerals indicate corresponding parts or elements of 
preferred embodiments of the present invention through- 
out the several views; 

w 
Figure 1 is a generally schematic isometric view of 
an implantable heart-assist device including an 
extra-aortic balloon (EAB) pump driven by a sepa- 
rate pump including a collapsible bladder in an inner- 

15        vated skeletal muscle pouch in accordance with the 
present invention, wherein the EAB pump is grafted 
into the descending aorta in series therewith; 
Figure 2 is a generally schematic transverse cross- 
sectional view of the EAB pump of Figure 1 as seen 

20        from the line 2-2 of Figure 1, except that the expan- 
sion chambers of the EAB pump are fully expanded 
as they would be during normal use; 
Figure 3 is a generally isometric side view of an alter- 
nate embodiment of the preferred heart-assist 

25 device of the present invention presented in Figure 
1 similar to the view shown in Figure 1, except that 
the EAB pump is grafted into the descending aorta 
in parallel therewith; and 
Figure 4 is a generally transverse cross-sectional 

30 view of an alternative EAB pump of the present 
invention similar to the view shown in Figure 2; 
Figure 5 is a generally schematic side view of the 
preferred EAB pump of Figure 2 as seen generally 
from the line 5-5, except that the diaphragm, shown 

35        in the phantom, is in a contracted state; and 
Figure 6 is a generally schematic side view of the 
preferred EAB pump of Figure 2 as seen generally 
from the line 6-6, except that the diaphragm, shown 
in the phantom is shown in separate stages of 

40 expansion. 

. Detailed Description of the Preferred Embodiments 

As required, detailed embodiments of the present 
45 invention are disclosed herein. However, rt is to be under- 

stood that the disclosed embodiments are merely exem- 
plary of the present invention, which may be embodied 
in alternative embodiments that fall within the broad prin- 
ciples of the present invention as set forth in the claims 

so attached hereto. Therefore, specific details disclosed 
herein are not to be interpreted as limiting, but rather as 
a basis for the claims and as a representative basis for 
teaching one of skill in the art to variously practice the 
present invention. 

55 Referring now to the figures, and specifically to Fig- 
ures 1 and 2, Figure 1 generally presents a schematic 
representation of a preferred heart-assist device (2) 
which includes a fluid pump (4) and an extra-aortic bal- 
loon (EAB) pump (10) in accordance with the present 

4 
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invention. Figure 2 presents a schematic representation 
of a transverse cross-section of the EAB pump (10) 
shown in Figure 1. The EAB pump (10) includes a rigid, 
generally cylindrical housing (12) having interior and 
exterior surfaces (14 and 16, respectively), proximal and 
distal ends (20 and 22, respectively), and a longitudinal 
passageway (24) passing through the center of the cylin- 
drical housing (12). In preferred embodiments, the rigid 
housing (12) is made of a biocompatible material which 
is considered to be suitable for being implanted into 
humans. However, it is not essential for the rigid housing 
(12) to be cylindrical, as other configurations can be used 
so long as they are suitable for implanting, for being 
grafted into an individual's vascular system, for minimiz- 
ing turbulence and maximizing laminar blood flow 
through the pump (10), and for providing other essential 
elements of the EAB pump (10). 

The EAB pump (10) further includes a flexible, gen- 
erally cylindrical diaphragm (28) which resides within the 
longitudinal passageway (24) and is secured to the rigid 
housing (12) at the proximal and distal ends (20 and 22, 
respectively) of the housing (12) and along longitudinal 
engagement strips (30a, 30b and 30c). In preferred 
embodiments, the generally cylindrical diaphragm (28) 
is secured to the rigid, cylindrical housing (12) using an 
adhesive, preferably a medical grade silicone adhesive, 
such as Dow-Corning Silicone Medical Adhesive, Dow- 
Corning Co., or most preferably Raumedic Adhesive, 
from Rehau Co., West Germany. The preferred flexible 
diaphragm (28) of the present invention is made of resil- 
ient, shape-retaining, biocompatible synthetic material 
such as polyurethanes, silicone elastomers, f luoroelas- 
tomers, polyolef in rubber and the like. Of these materials, 
polyurethane is the most preferred, preferably Biolon™ 
from E.I. Dupont DeNemours and Co., Inc., Waynesboro. 
VA. Preferably, the inner surface (42) is treated or coated 
with thromboresistant agents or surface treatments, 
such as heparin or the like. The generally cylindrical rigid 
housing (12) is preferably made of a biocompatible syn- 
thetic material such as polycarbonate, polysulfone, poly- 
urethane, epoxy, polyethylene, polystyrene, acrylic, 
f luorocarbons, nylon and the like. Of these materials, 
polysurfones and polycarbonates are the most preferred, 
preferably polysulfone, most preferably Udef™ from 
Amoco Performance Products, Inc.. Ridgefield, CT. 

The longitudinal engagement strips (30a. 30b and 
30c) effectively separate three expansion chambers 
(32a, 32b and 32c). The cylindrical diaphragm (28) has 
an inner surface (42) and an outer surface (44). The inner 
surface defines a longitudinal lumen (46) having a longi- 
tudinal axis (48). The expansion chambers (32a, 32b and 
32c) and the fluid communication ports (40a, 40b and 
40c) are oriented axisymmetrically in respect to the lon- 
gitudinal axis (48). In preferred embodiments, the longi- 
tudinal lumen (46) is generally straight and the plurality 
of expansion chambers (32a. 32b and 32c) are oriented 
axisymmetricaJly in respect to the longitudinal axis (48). 
and preferably has an internal diameter (ID) of about 5- 
40, preferably about 10-30, more preferably about 20-25 

mm in order to generally match the ID of the descending 
aorta (80) or wherever the pump (10) is to be inserted 
within the vascular system. The EAB pump (10) is 
designed to encourage a continuous laminar flow of 

5 Wood through the lumen (46). The longitudinal engage- 
ment strips (30a, 30b and 30c) extend the length of the 
interior surface (14) of rigid housing (12), and preferably 
have a width sufficient to minimize or eliminate the like- 
lihood that opposing portions of the inner surface (42) 

io will come into contact with each other during normal use 
of the EAB pump (10). 

The fluid pump (4) includes an innervated skeletal 
muscle pouch (34) having a partially enclosed center 
(35) in which a fluid-filled, shape-retaining bladder (36) 

is   is inserted. A fluid (not shown) in the bladder (36) com- 
municates with each of the respective expansion cham- 
bers (32a. 32b and 32c) of the EAB pump (10) via a fluid 
communication conduit (38) which is interconnected with 
a plurality of fluid communication ports (40a. 40b and 

20   40c) on the rigid housing (12). The fluid (not shown) can 
be any fluid which is suitable for the intended purpose, 
preferably a liquid, preferably a liquid such as an aque- 
ous saline solution, a silicone oil. a perfiuorinated liquid 
or the like, most preferably an aqueous saline solution. 

25   The fluid communication conduit (38) includes a plurality 
of port conduits (41a. 41b and 41c) joined to a single 
bladder conduit (43) by a conduit manifold (45). each of 
which are preferably made of a biocompatible medical 
grade materials such as silicone rubber, polyethylene. 

30  fluorocarbon, polypropylene and the like. The port con- 
duits (41a, 41b and 41c) and the bladder conduit (43) 
are preferably silicone rubber tubes most preferably. 
Medical Grade Silicone Tubing from Baxter Travenol, 
McGraw Park. IL In preferred embodiments, the fluid 

35   communication ports (40a, 40b and 40c) have an inside 
diameter (ID) of about 5-10, preferably about 6-8 mm in 
order to allow the fluid (not shown) to flow easily between 
the expansion chambers (32a, 32b and 32c) and thef luid 
pump (4). These ports (40a, 40b, and 40c) are also 

40   located closer to the proximal end (20) of the rigid hous- 
ing (12) than to the distal end (22). in order that portions 
of the respective expansion chambers (32a, 32b and 
32c) proximate the proximal end (20) will expand in 
response to a contraction of the muscle pouch (34) 

45   before portions of the respective expansion chambers 
more removed from the proximal end (20) toward the dis- 
tal end (22). In this way, it is anticipated that a peristaltic 
fluid pumping action will be provided, with a plurality of 
peristaltic waves along portions of the inner surface (42) 

so   of the diaphragm (28) proximate the respective expan- 
sions chambers (32a. 32b and 32c) forcing blood (not 
shown) in the longitudinal lumen (46) in the direction of 
the distal end (22). These peristaltic waves will cause the 
blood to fPI the passageway (24) starting with the distal 

55   end toward the proximal end in order to decrease the like- 
lihood of drawing blood away from the carotid and coro- 
nary arteries. 

In another preferred embodiment (not shown) the 
fluid communication ports (not shown) are located closer 

5 
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to the distal end (not shown). Although further consider- 
ation of the location of the respective ports (40) in respect 
to the respective ends (20 and 22) is ongoing, it is pos- 
sible that when the ports (40) are oriented axisymmetri- 
cally, and located closer to the distal end (22) than the 5 
proximal end (20), the assistance provided by the alter- 
nate EAB pump (not shown) may provide improved 
systolic unloading. 

The innervated skeletal muscle pouch (34) of the 
present invention is preferably surgically constructed or 10 
created in the patient in which the heart-assist device (2) 
is to be implanted using surgical methods which are well 
known in the art It is preferable to use innervated skeletal 
muscle to create the muscle pouch (34), however, the 
muscle pouch need not be innervated. Although the non- 75 
innervated muscle pouch may be less desirable and 
requires a slightly different system for stimulation, such 
systems, and methods therefor, are well known in the art 
and maybe employed in respect to the present invention. 
It is noted, however, that the preferred skeletal musde 20 
pouch (34) of the present invention is an innervated skel- 
etal muscle pouch (34) which is surgically created from 
the patient's latissimus dorsi muscle using procedures 
that are well known in the art In this regard, it is noted, 
that the present invention may include elements of the 25 
disclosures presented in U.S. Patent Nos. 4,813,952 
(Khallafala); 4,979,936 (Stephenson et al.); 4,341.221 
(Hagfors); and 4,735.205 (Grandjean et al.). each of 
which is expressly incorporated herein by reference. 

The fluid pump (4) further includes an implantable so 
pulse train generator (54) including electrodes, prefera- 
bly a single bipolar or unipolar electrode (56). intercon- 
nected with the muscle pouch (34). In preferred 
embodiments, the unipolar electrode (56) is attached to 
the latissimus dorsi nerve (not shown) proximate the 35 
point at which the nerve trifurcates. This nerve cuff elec- 
trode (56) is used to repetitively, electronically stimulate 
contraction of the skeletal muscle of the muscle pouch 
(34). 

During operation of the heart-assist device (2) of the <o 
present invention when implanted in the individual 
patient, the implantable pulse train generator (54) is 
interconnected with the patient's heart (60), preferably, 
the left ventricle, by monitoring leads (64) so that the con- 
traction of the muscle pouch (34) can by synchronized 45 
with the beating of the heart (60). In a preferred embod- 
iment of the present invention, the pulse train generator 
(54) is a Prometheus™ Implantable Pulse Generator 
(IPG) from Medtronic, Inc., Minneapolis, MN (product 
No. 6100). The pulse train generator (54) is preferably so 
synchronized so that the contraction of the muscle pouch 
(34) begins, either at or immediately prior to. the begin- 
ning of cardiac diastole. In this way, the muscle pouch 
(34) will contract at the beginning of diastole and fluid 
from the collapsible bladder (36) will pass into the 55 
respective expansion chambers (32a, 32b and 32c), via 
the fluid communication conduit (38) and the fluid com- 
munication ports (40a. 40b and 40c), respectively, 
thereby expanding the expansion chambers (32a, 32b 

and 32c) and driving Wood in the longitudinal lumen (46) 
in a downstream direction past the distal end (22) of the 
EAB pump (10), and thereby providing assistance to the 
active heart (60). The pulse train generator (54) is further 
synchronized to allow the muscle pouch (34) to relax at 
the beginning of cardiac systole. When the muscle pouch 
(34) relaxes, the shape-retaining, collapsible bladder 
(36) will return to its precontraction shape, thereby draw- 
ing fluid out of the respective expansion chambers (32a, 
32b and 32c) via the fluid communication ports (40a, 40b 
and 40c. respectively) and the fluid communication con- 
duit (38). The patient's normal Wood pressure may pro- 
vide an additional force assisting the fluid to pass out of 
the expansion chambers (32a, 32b and 32c) and into the 
Wadder (36) under these conditions. Subsequently, the 
pulse train generator (54) initiates the repetition of the 
cycle of events in response to electrical impulses from 
the heart (60). signaling the respective phases of the car- 
diac cycle, which is monitored by the pulse train gener- 
ator (54). It will be appreciated that the fluid 
communicated between the collapsible Wadder (36) the 
fluid communication conduit (38) and the respective 
expansion chambers (32a, 32b and 32c) will be a fluid 
which is suitable for the present task. Although any suit- 
able fluid may be used, a liquid is preferred, preferably 
as a buffered aqueous solution, such as a saline solution. 

In preferred embodiments, the generally cylindrical 
diaphragm (28) is secured to the respective proximal and 
distal ends (20 and 22) of the rigid housing (12) by 
extending the generally cylindrical diaphragm (28) 
through the longitudinal passageway (24) and over the 
respective ends (20 and 22) so the ends of the generally 
cylindrical diaphragm (28) can be folded back over a 
small portion of the exterior surface (16) of the rigid hous- 
ing (12) proximate each of the respective ends (20 and 
22). The respective ends of fhe generally cylindrical dia- 
phragm (28) can then be secured to the exterior surface 
(16) of the rigid housing (12) using an appropriate adhe- 
sive, such as the silicone adhesive used to secure the 
cylindrical diaphragm (28) to the interior surface (14) of 
the rigid housing (12) in the longitudinal engagement 
strips (30a. 30b and 30c) described herein above. Alter- 
natively, the diaphragm 28 can be secured either solely 
to the interior surface (14) proximate the respective ends 
(20 and 22), or to both the interior and exterior surfaces 
(14 and 16) proximate the respective ends (20 and 22). 
PreferaWy, Silicone Medical Adhesive from Dow-Corning 
Co.. or Raumedic Adhesive, from Rehau Co., West Ger- 
many, will be used for both of these purposes. However, 
it will be appreciated that any suitable, Wocompatible, 
adhesive or bonding material can be used within the 
scope of the present invention. Furthermore, other meth- 
ods for securing the generally-cylindrical diaphragm (28) 
to the rigid housing, in addition to those disclosed herein, 
may be used without limit in the present invention so long 
as the EAB pump (10) is considered to be acceptaWe for. 
the purposes intended. 

In preferred embodiments of the present invention, 
end caps (70 and 72) can be secured to the respective 
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proximal and distal ends (20 and 22) of the rigid housing 
to further secure the generally cylindrical diaphragm (28) 
to the rigid housing (12). Although the aorta (80) can be 
secured to the EAB pump (10) in series as shown in Fig- 
ure 1. it is not necessary to provide the end caps (70 and 5 
72). It will be appreciated that the surgical methods used 
for grafting the EAB pump (10) into the vascular system 
are well known in the art. 

Referring now also to Figure 3. an alternate embod- 
iment of the preferred heart-assist device (20 is shown. 10 
The alternate heart-assist device (2*) includes an EAB 
pump (100 interconnected with a fluid pump (40 in the 
manner previously disclosed. In the alternate embodi- 
ment, however, the EAB pump (10*) is grafted into the 
vascular system in parallel with the descending aorta is 
(80'). Although it is not necessary, the aorta (80*) can be 
ligated at an intermediate position (84*) shown by the 
dashed line (84*) between the side exiting and entering 
vascular grafts (8V and 83\ respectively) which are 
anastomosed to the aorta to interconnect the EAB pump 20 
(10*) therewith. In order to minimize the risk of kinking in 
the vascular grafts (81 * and 84'). the EAB pump (10*) is 
provided with curved extension members (74* and 76*) 
which are interconnected directly to the rigid, generally 
cylindrical housing (12*) of the EAB pump (10'). The 25 
curved extension members (74' and 76*) have generally 
the same inside diameter as the rigid housing (120- The 
generally cylindrical diaphragm (280 is extended through 
each of the curved extension members (74' and 76*) so 
that the longitudinal lumen (46*) of the EAB pump (10*) 30 
is effectively extended into an adjacent curved lumen 
(780 at each of the respective ends (20* and 22*) of the 
EAB pump (10*) in order to provide a consistent blood 
lining interface. In this embodiment, the end caps (70' 
and 72"), although, as before, not required, may be pro- 35 
vided at the ends of the respective curved end extension 
members (74' and 760 most removed from the EAB 
pump (10V It will be appreciated that the expansion 
chambers (32a', 32b' and 32c1) are confined within the 
length of the rigid housing (120 and do not extend into 40 
either of the curved end extension members (74* and 
760- Alternatively, the generally cylindrical diaphragm . 
(28*). after being secured to the rigid housing (120 prox- 
imate the respective ends (20' and 220 to form the 
respective expansion chambers (32a\ 32b' and 32c0. 45 
will extend into the curved end extension members (74* 
and 760 to provide improved hemodynamics. It will be 
appreciated that the technology used to join the respec- 
tive elements described immediately herein above is 
known in the art. and that it is essential only that these so 
elements joined in a manner are effective to permit the 
satisfactory and efficacious use of the preferred heart- 
assist devices (2 and 20 of the present invention. 

The EAB pump (10) of the present invention can be 
inserted into a patient's vascular system in a number of 55 
locations. Preferably, however, the EAB pump (10) will 
be grafted into the vascular system proximate the 
descending aorta (80). The preferred EAB pumps (10 
and 100 can be grafted into the vascular system proxi- 

mate the aorta (80 and 800 either in series, as shown in 
Fig. 1, or in parallel, as shown in Rg. 3, using standard 
surgical procedures which are well-known in the art. 

Although the preferred embodiment of the present 
EAB pump (10) provides three axisymmetric expansion 
chambers (32a, 32b and 32c) and three corresponding 
fluid communication ports (40a, 40b and 40c, respec- 
tively), it will be appreciated that any practical number of 
axisymmetric expansion chambers and corresponding 
fluid communication ports may be provided so long as 
the resulting EAB pump is effective for its intended pur- 
pose. In this regard, it is noted that an EAB pump (not 
shown) having only two corresponding expansion cham- 
bers (not shown) and fluid communication ports (not 
shown) can be in a heart-assist device of the present 
invention. Similarly such a device (not shown) having 
four, five, six or more corresponding axisymmetric 
expansion chambers and fluid communication ports may 
also be used. 

Referring now also to Figure 4. a transverse cross- 
section of one such EAB pump (100 is shown wherein 
four corresponding axisymmetric expansion chambers 
(32a". 32b". 32c" and 32o*0 and fluid communication 
ports (40a", 40b", 40c", and 40d") are provided. Refer- 
ring now specifically to Figures 2 and 4, in each of the 
preferred embodiments of the present EAB pump (10 
and 10'0, it is essential that the inner surface (42 and 
42'0 of the generally cylindrical diaphragm (28 and 28'0 
not come into contact with itself when the respective 
expansion chambers (32a, 32b and 32c; and 32a", 32b", 
32c" and 32d") are fully expanded. In this way. care is 
taken to avoid damage to various components to the 
blood passing through the longitudinal lumen (46 and 
46'0 of the preferred EAB pumps (10 and 10"). This is 
believed to be important in order to avoid creating throm- 
bogenic conditions which may result in serious risks for 
the implant patient. It is also believed that it is important, 
as much as possible, to provide enough space between 
respective portions of the inner surface (42 and 42") so 
that blood may flow against every portion of the inner sur- 
face (42 and 42") at all times, whether when the respec- 
tive expansion chambers are fully expanded or fully 
contracted. It will be appreciated that if components of 
the blood in the longitudinal lumen (46 and 46') are dam- 
aged as a result of a force being applied to the blood 
component against a surface, or if some other means of 
damaging the Wood component results in the inhibition 
of the normal passage of the blood, and/or blood com- 
ponents, it is believed that thrombosis may be more likely 
to occur. Therefore, it is believed to be desirable to limit 
the risk of such an event by providing ample separation 
between adjacent portions of the inner surface (42 and 
42*0 of the cylindrical diaphragm (28 and 28") when the 
respective expansion chambers are fully expanded dur- 
ing normal use. 

Referring now also to Figures 5 and 6. the EAB 
pump (10) is designed to provide assistance to the active 
heart (60) by providing peristaltic pumping action down- 
stream from the heart. The peristaltic pumping action is 
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provided when the axisymmetric expansion chambers 
(32a. 32b and 32c) expand axisymmetricalfy in respect 
to the longitudinal axis (48) starting at a location proxi- 
mate the fluid communication ports (40a, 40b and 40c). 
and then downstream toward the distal end as shown 5 
specif icaliy by the successive phantom lines (87a. 87b, 
87c and 87d) in Figure 6, which schematically illustrate 
the sequential, simultaneous, axisymmetric expansion 
of the respective expansion chambers (32a, 32b and 
32c) two of which (32a and 32b) are shown. In Figure 5. 10 
the expansion chambers (32a and 32b) are in a con- 
tracted state. During use of the EAB pump (10). however, 
the expansion chambers (32a, 32b and 32c) are repeti- 
tively expanded and contracted in response to the con- 
traction and relaxation of the muscle pouch (34). When 75 
the muscle pouch (34) contracts in response to an elec- 
trical pulse from the pulse train generator (54), the col- 
lapsible bladder (36) is compressed such that it drives 
fluid (not shown) into the respective expansion chambers 
(32a, 32b and 32c) at an equal rate under an equal fluid 20 
pressure. The respective expansion chambers will 
expand first proximate the respective fluid communica- 
tion ports (40a, 40b and 40c). As shown schematically 
in Figure 6. the diaphragm (28) will initially take the gen- 
eral cross-sectional shape of dashed line (87a), and sub- 25 
sequently expand to the cross-sectional shape of 
dashed line (87b). As the expansion of the expansion 
chambers continues to proceed the diaphragm will 
expand further as represented by dashed line (87c) and 

" will eventually will be fully expanded to take the cross- 30 
sectional general shape of dashed line (87d). In this way. 
the EAB pump (10) can provide a peristaltic pumping 
action to assist blood fluid (not shown) through the lumen 
(46) in the direction of the distal end (22). 

It will be understood, however, that even though 35 
these numerous characteristics and advantages of the 
invention have been set forth in the foregoing descrip- 
tion, together with details of the structure and function of 
the present invention, the disclosure is illustrative only, 
and changes may be made in detail, especially in matters 40 
of shape, size, and arrangement of the parts within the 
broad principles of the present invention to the full extent 
indicated by the broad general meaning of the terms in 
which the appended claims are expressed. 

45 
Claims 

1. An extra-aortic balloon pump (10) for use in cooper- 
ation with separate fluid pump means (4), said extra- 
aortic balloon pump (10) comprising: so 

(a) a rigid housing (12) including interior (14) 
and exterior (16) surfaces, proximal (20) and 
distal (22) ends, and a longitudinal passageway 
(24) defined by the interior surface (14) and 55 
extending through the rigid housing (12); 
(b) a flexible, generally cylindrical diaphragm 
(28) having inner (42) and outer surfaces (44) 
and residing generally within the longitudinal 

passageway (24). wherein the inner surface 
(42) defines a longitudinal lumen (46) within the 
longitudinal passageway (24), the lumen (46) 
extending through said extra-aortic balloon 
pump (10); and 
(c) means for securing the diaphragm (28) to the 
rigid housing (12); characterised in that said 
securing means secure the diaphragm (28) to 
the rigid housing (12) so as to create a plurality 
of separate, substantially parallel expansion 
chambers (32a. 32b, 32c), wherein each of said 
plurality of expansion chambers (32a, 32b, 32c) 
is individually defined by one of a plurality of 
individual portions of the interior surface (14) of 
the rigid housing (12) in cooperation with one of 
a plurality of individual segments of the outer 
surface (44) of the diaphragm (28) and said 
securing means, wherein the diaphragm (28) 
includes a plurality of balloon portions individu- 
ally enclosing corresponding expansion cham- 
bers (32a, 32b, 33c) against the interior surface 
(14), wherein said extra-aortic balloon pump 
(10) further comprises fluid communication 
means (38) for separately exchanging fluids 
between each of the plurality of expansion 
chambers (32a, 32b, 32c) and said fluid pump 
means (4), wherein said fluid pump means (4) 
are in communication with each of the respec- 
tive expansion chambers (32a, 32b. 32c) via 
said fluid communication means (38). wherein 
the respective expansion chambers (32a, 32b, 
32c) can be expanded when fluid is directed into 
the respective expansion chambers (32a. 32b, 
32c), and wherein fluid flow through said lumen 
(46) is substantially laminar. 

2. The extra-aortic balloon pump (10) of claim 1, 
wherein the lumen (46) has a longitudinal axis (48) 
and the respective plurality of expansion chambers 
(32a. 32b, 32c) are generally axisymmetric in 
respect to the longitudinal axis (48) within a trans- 
verse cross-section of said extra-aortic balloon 
pump (10). 

3. The extra-aortic balloon pump (10) of claim 2. 
wherein the respective plurality of expansion cham- 
bers (32a. 32b, 32c) are generally axisymmetric in 
respect to the longitudinal axis (48) within any trans- 
verse cross-section of said extra-aortic balloon 
pump (10). 

4. The extra-aortic balloon pump (10) of any preceding 
claim, wherein said fluid communication means (38) 
include a plurality of fluid communication ports (40a, 
40b, 40c), wherein each of said plurality of expan- 
sion chambers (32a. 32b. 32c) is in fluid communi- 
cation with one of said plurality of fluid ports (40a. 
40b, 40c). 
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5. The extra-aortic balloon pump (10) or claim 4, 
wherein each of said plurality of fluid ports (40a, 40b, 
40c) communicate with one of said plurality of 
expansion chambers (32a, 32b, 32c) through said 
rigid housing (12). 

6. The extra-aortic balloon pump (10) of claim 5, 
wherein each of said plurality of fluid ports (40a, 40b, 
40c) communicates with one of said plurality of 
expansion chambers (32a. 32b, 32c) at one of a plu- 
rality of positions along the exterior surface (16) of 
the rigid housing (12), which are equidistant from 
each of the respective proximal (20) and distal (22) 
ends of the rigid housing (12) and antisymmetrically 
oriented about the housing (12) in respect to the lon- 
gitudinal axis (48) of the longitudinal lumen (46). 

7. The extra-aortic balloon pump (10) of claim 6, 
wherein each of said plurality of positions along the 
exterior surface (16) of the rigid housing (12) is 
closer to one of said respective proximal (20) and 
distal (22) ends of said rigid housing (12), wherein 
the respective expansion chambers (32a, 32b, 32c) 
expand proximate said one of said respective prox- 
imal (20) and distal (22) ends prior to expanding 
proximate the other of said respective proximal (20) 
and distal (22) ends when fluid passes simultane- 
ously into each of said plurality of expansion cham- 
bers (32a, 32b, 32c) via the respective fluid ports 
(40a. 40b, 40c), and wherein said plurality of balloon 
portions expand simultaneously, first, proximate 
said one of said respective proximal (20) and distal 
(22) ends, and, second, proximate the other of said 
respective proximal (20) and distal (22) ends so as 
to create generally axisymmetric peristaltic waves 
along the inner surface (42) of the flexible diaphragm 
(28) proximate each respective balloon portion in 
respect to the longitudinal axis (48). 

8. The extra-aortic balloon pump (10) of claim 7, 
wherein each of the respective plurality of balloon 
portions have a first generally contracted position 
and a second, generally expanded position, wherein 
the inner surface (42) of the flexible diaphragm (28) 
proximate each respective balloon portion is suffi- 
ciently removed from the inner surface (42) proxi- 
mate each other respective balloon portion so that 
fluid can pass against the entire inner surface (42) 
of the flexible diaphragm (28) when passing through 
the longitudinal lumen (46) when the respective plu- 
rality of balloon portions are in the second, generally 
expanded position. 

9. The extra-aortic balloon pump (10) of claim 8, 
wherein each of said plurality of expansion cham- 
bers (32a. 32b, 32c) theoretically have an infinite 
number of intermediate positions between said first 
generally contracted position and said second, gen- 
erally expanded position, and wherein the respec- 

tive expansion chambers (32a. 32b, 32c) are 
generally axisymmetric in respect to the longitudinal 
axis (48) within any transverse cross-section of said 
extra-aortic balloon pump (10) when in any of said 

5 first or second positions or any of said theoretically 
infinite number of intermediate positions. 

10. The extra-aortic balloon pump (10) of claim 9, 
wherein the plurality of expansion chasers (32a, 

io 32b, 32c) are three in number, and the plurality of 
fluid ports (40a, 40b, 40c) are three in number, each 
of which is axisymmetrically oriented in respect to 
the longitudinal axis (48). 

is Patentanspruche 

1 -  AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) zur Verwendung in Zusammenwirkung mit einer 
getrennten Fluidpumpeneinrichtung (4), wobei die 

20        auBerhalb der Aorta anzubringende Ballonpumpe 
(10) folgendes aufweist: 

(a) ein steifes Gehause (12) mit einer Innen- 
fiache (14) und einer AuBenfiache (16), einem 

25 proximalen (20) und einem distalen (22) Ende 
sowie einem durch die Innenfiache (14) festge- 
legten LSngskanal (24), der sich durch das 
steife Gehause (12) hindurch erstreckt; 
(b) eine flexible, im wesentlichen zylindrische 

30            Membran (28) mit einer Innenfiache (42) und 
einer AuBenfiache (44), und die im wesentli- 
chen innerhalb des LAngskanals (24) liegt, 
wobei die Innenfiache (42) einen Langshohl- 
raum (46) innerhalb des Langskanals (24) fes- 

35 tlegt. wobei sich dieser Hohlraum (46) durch die 
auBerhalb der * Aorta anzubringende Ballon- 
pumpe (10) erstreckt; und 
(c) eine Einrichtung zum Befestigen der Mem- 
bran (28) am steifen Gehause (12); 

*o dadurch gekennzeichnet, da6 die Befesti- 
gungseinrichtung die Membran (28) so am 
steifen Gehause (12) befestigt daB mehrere 
getrennte, im wesentlichen parallele Expan- 
sions karrtrnern (32a. 32b. 32c) gebildet sind. 

45 wobei jede der mehreren Expansionskammern 
(32a, 32b, 32c) einzeln durch einen von mehr- 
eren Einzelabschnitten der Innenfiache (14) 
des steifen Gehauses (12) in Zusammen- 
wirkung mit einem von mehreren Einzelseg- 

so menten der AuBenf lache (44) der Membran (28) 
und der Befestigungseinrichtung festgelegt ist, 
wobei die Membran (28) mehrere Ballonab- 
schnrtte aufweist, die einzeln jeweils eine zuge- 
hOrige Expansionskammer (32a, 32b, 32c) 

ss gegen die Innenfiache (14) einschlieBen, wobei 
diese auBerhalb der Aorta anzubringende Bal- 
lonpumpe (10) ferner eine Fluidverbindungsein- 
richtung (38) zum getrennten Austauschen von 
Fluid zwischen jeder der mehreren Expansion- 
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skammern (32a, 32b, 32c) und der Fluidpumpe- 
neinrichtung (4) aufweist. die uber die 
Fluidverbindungseinrichtung (38) in Verbindung 
mit jeder dieser Expansionskammern (32a. 
32b, 32c) stent, wobei diese Expansionskam- s 
mern (32a, 32b. 32c) aufgeweitet werden kon- 
nen, wenn Fluid in diese Expansionskammern 
(32a, 32b, 32c) gelertet wind, und wobei die Flu- 
fcJstrOmung durch den Hohlraum (46) im wes- 
entlichen laminar ist. 10 

2. AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 1, bei der der Hohlraum (46) 
eine Langsachse (48) aufweist und die jeweils mehr- 
eren Expansionskammern (32a. 32b. 32c) im wes- is 
entlichen axialsymmetrisch in bezug auf die 
Langsachse (48) gesehen uber den Querschnitte 
der auBerhalb der Aorte anzubringenden Ballon- 
pumpe (fO) sind. 

20 
3. AuBerhalb der Aorta anzubringende Ballonpumpe 

(10) nach Anspruch 2, bei der die jeweils mehreren 8. 
Expansionskammern (32a, 32b, 32c) im wesentii- 
chen axialsymmetrisch in bezug auf die Langsachse 
(48) gesehen for jeden beliebigen Querschnitt der 25 
auBerhalb der Aorte anzubringenden Ballonpumpe 
(10) sind. 

4. AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach einem der vorstehenden AnsprOche, bei 30 
der die Ruidverbindungseinrichtung (38) mehrere 

:" Fluidverbindungsoffnungen (40a. 40b. 40c) auf- 
weist, wobei jede der mehreren Expansionskam- 
mern (32a, 32b, 32c) in Fluidverbindung mit einer 
der mehreren FluidOffnungen (40a, 40b, 40c) stent 35 

5. AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 4, bei der jede der mehreren 9. 
FluidOffnungen (40a. 40b, 40c) durch das steife 
Gehause (12) hindurch mit einer der mehreren 40 
Expansionskammern (32a, 32b, 32c) in Verbindung 
stent 

6. AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 5, bei der jede der mehreren 45 
FluidOffnungen (40a. 40b. 40c) an einer von mehr- 
eren Positionen entlang der Aussenfiache (16) des 
steifen Gehauses (12), die vom jeweiligen proxi- 
malen (20) und distalen (22) Ende des steifen 
Gehauses (12) gleich beabstandet sind und axial- so 
symmetrisch urn das Gehause (12) in bezug auf die 
Langsachse (48) des Langshohlraums (46) aus- 
gerichtet sind, mit einer der mehreren Expansion- 10. 
skammern (32, 32b, 32c) in Verbindung stent. 

55 
7. AuBerhalb der Aorta anzubringende Ballonpumpe 

(10) nach Anspruch 6, bei der jede der mehreren 
Positionen entlang der AuBenfiache (16) des stabi- 
len Gehauses (12) naher am proximalen (20) Oder 

distalen (22) Ende des steifen Gehauses (12) liegt, 
wobei sich die jeweiligen Expansionskammern 
(32a. 32b. 32c) benachbart zum jeweiligen proxi- 
malen (20) oder distalen (22) Ende ausdehnen, 
bevor sie sich benachbart zum anderen Ende betref- 
fend das jeweilige proximale (20) und distale (22) 
Ende ausdehnen, wenn Fluid gleichzeitig uber die 
jeweiligen FluidOffnungen (40a. 40b. 40c) in jede der 
mehreren Expansionskammern (32a, 32b, 32c) 
strOmt. und bei der die mehreren Ballonabschnitte 
gleichzeitig expandieren, zunachst benachbart zu 
einem Ende unter dem jeweiligen proximalen (20) 
und distalen (22) Ende, und zweitens benachbart 
zum anderen Ende unter dem jeweiligen proximalen 
(20) und distalen (22) Ende expandieren, urn im 
wesentlichen axialsymmetrische Peristaitikwellen 
entlang der Innenf lache (22) der f lexiblen Membran 
(28) angrenzend an jeden jeweiligen Ballonab- 
schnitt bezogen auf die Langsachse (48) zu erzeu- 
gen. 

AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 7, bei der jede der mehreren 
Ballonabschnitte eine erste. im wesentlichen 
zusammengezogene Stellung und eine zweite, im 
wesentlichen aufgewe'rtete Stellung einnimmt, 
wobei die Innenfiache (42) der flexiblen Membran 
(28) angrenzend an jeden jeweiligen Ballonab- 
schnitt ausreichend weit von der Innenfiache (42) 
angrenzend an jeden anderen jeweiligen Ballonab- 
schnitt entfernt ist, damit Fluid an der gesamten 
innenfiache (42) der flexiblen Membran (28) 
entlangf lieBen kann, wenn es durch den LSngshohl- 
raum (46) ISuft. wenn sich die jeweils mehreren Bal- 
lonabschnitte in der zweiten, im wesentlichen 
aufgeweiteten Stellung bef inden. 

AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 8. bei der jede der mehreren 
Expansionskammern (32a. 32b, 32c) theoretisch 
eine unendliche Anzahl von Zwischehsteliungen 
zwischen der ersten, im wesentlichen zusammeng- 
ezogenen Stellung und der zweiten, im wesentli- 
chen aufgeweiteten Stellung aufweist, und bei der 
die jeweiligen Expansionskammern (32a, 32b, 32c) 
im wesentlichen axialsymmetrisch in bezug auf die 
Langsachse (48) innerhalb jedes beliebigen Quer- 
schnrtts der auBerhalb der Aorta anzubringenden 
Ballonpumpe (10) sind. wenn sie sich in der ersten 
oder zweiten Stellung oder einer der theoretisch 
unendlich vielen Zwischenstellungen befinden. 

AuBerhalb der Aorta anzubringende Ballonpumpe 
(10) nach Anspruch 9, bei der die mehreren Expan- 
sionskammern (32a, 32b, 32c) rrut der Anzahl drei 
vorliegen und die mehreren FluidOffnungen (40a, 
40b, 40c) mit der Anzahl drei vorliegen, wobei jede 
axialsymmetrisch in bezug auf die Langsachse (48) 
ausgerichtet ist 
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Revendications 

1.  Pompe (10) du type ballon extra-aortique destined 
a 6tre utilisee en cooperation avec des moyens 
separes de pompage defluide (4), ladite pompe (10) s 
du type ballon extra-aortique comportant : 

(a) un boTtier rigide (12) comportant une surface 
interieure (14) et une surface exterieure (16), 
une extremite proximale (20) et une extremite TO 
distale (22). et un conduit longitudinal (24) defrni 
par la surface interieure (14) et s'etendant a 
travers le boTtier rigide (12), 
(b) un diaphragme souple de maniere g6nerale 
cylindrique (28) ayant une surface interne (42) is 
et une surface externe (44) et situe de maniere 
generate a llnterieur du conduit longitudinal 
(24). dans lequel la surface interne (42) definrt 
un passage longitudinal (46) situe a I'interieur 
du conduit longitudinal (24), le passage (46) 20 
s'etendant a travers ladite pompe (10) du type 
ballon extra-aortique, et 
(c) des moyens pour fixer le diaphragme (28) 
sur le boTtier rigide (12). caracterisee en ce que 
lesdits moyens de fixation fixent le diaphragme 25 
(28) sur le boTtier rigide (12) de maniere a creer 
plusieurs chambres d'expansion separees pra- 
tiquement paralleles (32a. 32b. 32c). dans 
lesquelles chacune desdites plusieurs cham- 
bres d'expansion (32a, 32b, 32c) est definie de 30 
maniere individuelle par Tune de plusieurs par- 
ties individuelles de la surface interieure (14) du 
bottler rigide (12) cooperant avec un des plus- 
ieurs segments individuels de la surface 
externe (44) du diaphragme (28) et lesdits moy- 35 
ens de fixation, le diaphragme (28) comportant 
plusieurs parties formant ballon renfermant 
individuellement les chambres d'expansion cor- 
respondantes (32a, 32b, 32c) centre la surface 
interieure (14) du boTtier, ladite pompe (10) du 40 
type ballon extra-aortique comportant en outre 
des moyens de communication de fluide (38) • 
pour echanger de maniere separee des fluides 
entre   chacune   des   plusieurs chambres 
d'expansion (32a. 32b, 32c) et lesdits moyens 45 
de pompage de fluide (4), lesdits moyens de 
pompage de fluide (4) etant en communication 
avec chacune des chambres d'expansion 
respectives (32a. 32b. 32c) via lesdits moyens 
de communication de fluide (38). les chambres so 
d'expansion respectives (32a, 32b, 32c) pou- 
vant etre expansees lorsque le fluide est dirige 
vers rinterieur des chambres d'expansion 
respectives (32a, 32b, 32c), et recoupment de 
fluide a travers ledrt passage (46) etant pra- ss 
tiquement laminaire. 

2.   Pompe (10) du type ballon extra-aortique selon la 
revendication 1, dans laquelle le passage (46) a un 

axe longitudinal (48) el les plusieurs chambres 
d'expansion respectives (32a, 32b, 32c) sont de 
maniere genera le axisymetriques par rapport a I'axe 
longitudinal (48) a I'interieur d'une coupe transver- 
sale de ladrte pompe (10) du type ballon extra-aor- 
tique. 

3. Pompe (10) du type ballon extra-aortique selon la 
revendication 2, dans laquelle les plusieurs cham- 
bres d'expansion respectives (32a, 32b, 32c) sont 
de maniere generate axisymetriques par rapport a 
I'axe longitudinal (48) a I'interieur d'une coupe trans- 
versale quelconque de ladite pompe (10) du type 
ballon extra-aortique. 

4. Pompe (10) du type ballon extra-aortique selon Tune 
quelconque des revendications precedentes. dans 
laquelle lesdits moyens de communication de fluide 
(38) component plusieurs orifices de mise en com- 
munication de fluide (40a, 40b, 40c). chacune des 
plusieurs chambres d'expansion (32a, 32b, 32c) 
etant en communication de fluide avec Tun desdits 
plusieurs orifices de mise en communication de flu- 
ide (40a, 40b, 40c). 

5. Pompe (10) du type ballon extra-aortique selon la 
revendication 4, dans laquelle chacun desdits plus- 
ieurs orifices de communication de fluide (40a. 40b. 
40c) communique avec une desdites plusieurs 
chambres d'expansion (32a, 32b. 32c) par I'interme- 
diaire dudit boTtier rigide (12). 

6. Pompe (10) du type ballon extra-aortique selon la 
revendication 5, dans laquelle chacun desdits plus- 
ieurs orifices de mise en communication de fluide 
(40a, 40b, 40c) communique avec I'une des plus- 
ieurs chambres d'expansion (32a, 32b, 32c) au 
niveau d'une de plusieurs positions situees le long 
de la surface exterieure (16) du boTtier rigide (12), 
qui sont equidistantes de chaque exttemite proxi- 
male(20) et distale (22) respective et orientees de 
maniere axisymetrique autour du boTtier (12) par 
rapport a l axe longitudinal (48) du passage longitu- 
dinal (46). 

7. Pompe (10) du type ballon extra-aortique selon la 
revendication 6, dans laquelle chacune des plus- 
ieurs positions le long de la surface exterieure (16) 
du boTtier rigide (12) est plus proche de I'une des 
extremrtes proximale (20) et distale (22) respectives 
du boTtier rigide (12), dans laquelle les chambres 
d'expansion respectives (32a. 32b, 32c) 
s expansent a proximite de cette extremite (20) 
avarrt de s'expanser a proximite de I'autre extremite 
(22) lorsque le fluide passe simurtanement dans 
chacune des plusieurs chambres d'expansion (32a, 
32b, 32c) via les orifices respectrfs de mise en com- 
munication defluide (40a, 40b, 40c) etdans laquelle 
les plusieurs parties formant baJlon sont expansees 
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simultanement. tout d'abord a proximite de 
I extr6mrt6 la plus proche des plusieurs orifices de 
mise en communication de f luide et ensuite a prox- 
imite de I'autre extremite de maniere a creer des 
ondes penstaltiques de maniere generale 5 
axisymetriques le long de la surface interne (42) du 
diaphragme souple (28) a proximite de chacune des 
parties respectives formant ballon par rapport a I'axe 
longitudinal (46). 

w 
8. Pompe (10) du type ballon extra-aortique selon la 

revendication 7, dans laquelle chacune des plus- 
ieurs parties de ballon respectives a une premiere 
position de maniere generale contractee et une sec- 
onde position de maniere generale expansee, dans is 
laquelle la surface interne (42) du diaphragme sou- 
ple (28) situee a proximite de chaque partie de bal- 
lon respective est suffisamment eloignee de la 
surface interne (42) situee a proximite de chaque 
autre partie respective de ballon de sorte qu'un flu- 20 
ide peut passer contre la totalite de la surface interne 
(42) du diaphragme souple (28) lorsqu'il passe a 
travers le passage longitudinal (46) lorsque les plu- 
sieurs parties respectives de ballon sont dans la 
seconde position de maniere generale expansee. 25 

9. Pompe (10) du type ballon extra-aortique selon la 
revendication 8, dans laquelle chacune desdites plu- 
sieurs chambres d'expansion (32a. 32b, 32c) a de 
maniere theorique un nombre infini de positions so 
intermediates entre ladite premiere position de 
maniere generale contractee et ladite seconde posi- 
tion de maniere generale expansee, etdans laquelle 
les chambres d'expansion respectives (32a. 32b, 
32c) sont de maniere g6nerale axisymetriques par 35 
rapport a I'axe longitudinal (48) a I'interieur d'une 
coupe transversale quelconque de ladite pompe 
(10) du type ballon extra-aortique lorsqu'elles sont 
dans Tune quelconque desdites premiere ou sec- 
onde positions ou Tune quelconque des positions AO 
intermgdiaires th6oriquement en nombre infini. 

10. Pompe (10) du type ballon extra-aortique selon la 
revendication 9. dans laquelle les plusieurs cham- 
bres d'expansion (32a. 32b, 32c) sont au nombre de 45 
trois. et les plusieurs orifices de communication de 
f luide (40a. 40b. 40c) sont au nombre de trois, cha- 
cun de ceux-ci etant orientes axisymetriquement 
par rapport a I'axe longitudinal (48). 

55 
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FIG.2 
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FIG.4 
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